S
pontaneous atraumatic intracerebral hemorrhage (sICH) accounts for 10% to 15% of strokes a year and results in significant morbidity and mortality for survivors. The sICHrelated, 30-day mortality is 30% to 50% with a significant proportion occurring in the acute phase, often in the first 48 hours, 1 which may be a reflection of early withdrawal of life-sustaining therapy based on perceived poor neurological prognosis. 2, 3 Cerebrovascular disease, including sICH, is the most common cause of acute symptomatic seizures and localization-related epilepsy in adults, accounting for ≈3.2% to 10.7% of epilepsy. [4] [5] [6] Spontaneous ICH patients typically develop seizures early after their hemorrhage, [7] [8] [9] but the association between early seizures and late seizures/epilepsy remains uncertain. Our understanding of risk factors for developing seizures and epilepsy, and the role of antiseizure medications in preventing poststroke seizures and epilepsy, is based mainly on retrospective analyses. To date, there are limited data on the impact of seizures, epilepsy, and antiseizure medications on functional and cognitive outcomes in patients with sICH. The goal of this nonsystematic review is to summarize the available literature, focusing on the role of seizure prophylaxis in the immediate and long-term post-sICH periods.
Methodology
To identify key articles for inclusion, MEDLINE on the Ovid platform (through February 14, 2016) and Embase and newer (unindexed/in process) articles from PubMed were searched using the following terms or combination of terms Anticonvulsants, Seizures, Cerebral Hemorrhage, Intracranial Hemorrhage, Nontraumatic, Spontaneous and Critical Care. All identified references were then cross-referenced to select further articles for inclusion. Non-English studies and studies isolated to infants and children were excluded.
Epidemiology of sICH-Related Seizures and Epilepsy Definitions
Seizures occur at various time points after sICH, from onset to weeks, months, and years afterward. Onset or immediate seizures occur either at ictus or within 24 hours of injury and may in fact be epileptic or could reflect convulsive syncope manifesting as loss of consciousness with posturing or jerking. Early clinical or subclinical seizures (nonconvulsive seizures [NCSz] detected on electroencephalography (EEG), with no clinical signs other than impaired alertness) are referred to as acute symptomatic seizures; these occur in the first 7 to 14 days. Late seizures occur thereafter. 10, 11 Poststroke epilepsy, which previously referred to 2 unprovoked seizures >24 hours apart, at least 30 days from injury, has recently been redefined as an isolated unprovoked seizure >30 days from injury. 12 This new definition is based on the >60% chance of seizure recurrence after a single, unprovoked, remote symptomatic seizure in patients with brain injury.
Incidence of Seizures and Status Epilepticus
The incidence of post-sICH seizures and epilepsy varies, in part, because of differences in definitions, study inclusion and exclusion criteria, and classification systems. Widespread use of continuous electrocardiography (cEEG) has increased the sensitivity of seizure capture, and consequently, more recent studies usually report a higher incidence of acute symptomatic seizures when compared with older studies. It is estimated that the overall incidence of seizures after sICH ranges from 1.7% 13 to 31% in high-risk patients who undergo cEEG monitoring and receive seizure prophylaxis. 8, 9 The majority of early seizures in sICH are reported in the first 24 hours; ≤90% occur in the first 3 days. [7] [8] [9] The incidence of early clinical seizures in sICH ranges from 5% to 32%, 7, [14] [15] [16] with the highest rates occurring in patients undergoing hematoma evacuation. Of all patients with clinical seizures, 4% to 60% may experience convulsive status epilepticus. 15, 17, 18 Approximately 22% to 76% of patients with sICH have NCSz 8, 9 with ≈7% of all monitored patients experiencing nonconvulsive status epilepticus. 8, 15 Early seizures are thought to be directly related to neuronal dysfunction from the sICH, which is in stark contrast to the chronic changes associated with epilepsy. epileptogenic focus resulting in late seizures in sICH patients. Late seizures occur in 2.6% to 15.6% of sICH patients. 7, 19 The frequency of late seizures depends on the time of follow-up; one study estimated the risk of having a seizure within 5 years of the sICH to be 27%, 20 whereas other studies have shown rates from 2.2% to 9%, even ≤10 years after injury. [4] [5] [6] 21 See Table I in the online-only Data Supplement for a summary of the most recent studies reporting acute seizures in acute stroke. [7] [8] [9] [13] [14] [15] [16] Unlike in traumatic brain injury (TBI) and subarachnoid hemorrhage (SAH), there is controversy surrounding whether early or late seizures are predictive of poststroke epilepsy in sICH. Although some studies have failed to show that seizures during the acute phase are independently associated with poststroke epilepsy, 7, 37, 39 others have conveyed a strong association. 5, 21, 42, 43 More recent literature in sICH suggests that during a protracted follow-up period, early seizures are associated with late seizures and the development of epilepsy 24, 43 ; this is similar to TBI, where a strong association between early seizures and post-traumatic epilepsy has been shown in several cohorts. [44] [45] [46] Future randomized, well-controlled studies are needed to further clarify the relationship between early seizures and epilepsy specifically in patients with sICH because this relationship, discussed above, has been shown more convincingly in other mixed populations of brain injury.
Risk Factors for Seizures
In mixed cohorts, the independent association varies between seizures and the stroke subtype (acute ischemic stroke, subarachnoid hemorrhage, or sICH), hemorrhage volume, stroke severity, cortical location, and younger age. These differences are largely because of heterogeneous study designs with different follow-up durations and use of antiseizure medications, as well as varying seizure identification methods and classifications. However, in multiple studies including sICH patients, proximity to the cortex remains a major factor in determining seizure risk 7, 18, 22, 25, 41, 42 ; this may be related to associated SAH 32 and potentially hemorrhage volume. 5, 38, 42, 47 In a large, prospective, multicenter study, hemorrhage size was not significantly different between seizure and nonseizure groups, and despite cortical location being an independent predictor for seizures after sICH, it did not increase the risk for the development of epilepsy. 7 In fact, hemorrhage volume >18 cc was reported to be protective against clinical seizures occurring within the first 24 hours in one prospective, single-center study, whereas lobar, but not cortical, involvement was an independent predictor of immediate seizures. 20 Similarly, lobar hemorrhages have been associated with a higher risk for seizures 9, 17, 18, 20, 48 than infratentorial or subcortical hemorrhages. 17, 18 This evidence is not uniform, because there are studies showing a correlation of lobar hemorrhages with seizures in univariate analysis that failed to demonstrate similar associations in the multivariable model. 34 Recent studies using cEEG have shown that although cortical hemorrhages are more likely to be associated with seizures, critically ill patients with subcortical and even infratentorial hemorrhages may also be at high risk of seizures. 8, 9, 18 In a study that included a mixed cohort, occipital lesions were independently associated with higher risk of seizures at any point (relative risk of 7.68). 27 In patients with pathologically diagnosed cerebral amyloid angiopathy, there is insufficient data to draw a causal association with seizures beyond the general delineation of lobar hemorrhage with or without cortical involvement. Interestingly, amyloid spells, which are transient positive or negative neurological phenomena, have been correlated with neuroimaging, especially evidence of convexity subarachnoid blood or siderosis. These spells are felt to be caused by focal seizures, cortical spreading depression, or local vasospasm, because of the focal accumulation of blood-breakdown products in the subarachnoid space and the superficial cortical layers. 49 The complications of critical illness (eg, renal failure and sepsis) and many of the medications used to treat these complications (eg, antibiotics, narcotics, and antipsychotics) can lower the seizure threshold in brain injury, 50 regardless of injury location, and may be risk factors for both early and late seizures in sICH (ie, provoked seizures) but have not been shown to increase the risk of subsequent epilepsy.
As has been the trend with prognosis in sICH, scores have been developed to stratify sICH patients' risk of seizures. Recently, a post hoc analysis of the Helsinki ICH study derived the CAVE score to estimate the risk of late seizures (>7 days from ictus) in sICH and validated this instrument using the PITCH (Prognosis of Intra-Cerebral Hemorrhage) cohort based in France. The CAVE score (0-4 points) consists of cortical involvement of ICH (1 point), age <65 years (1 point), volume >10 (1 point), and early seizure within 7 days of ICH (1 point). Despite a C statistics in the derivation cohort of 0.81, its performance in the validation cohort was relatively low at 0.69.
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Available Recommendations for Seizure Prophylaxis in sICH
For more than a decade, the AHA stroke guidelines for seizure prophylaxis have evolved from initially extrapolating from the literature on TBI and SAH to that which reflects the emergence of sICH-specific data. The major limitation of the available retrospective analyses is that antiseizure medication use was not standardized, thus facilitating a possible bias from confounding by indication. 52 The 1999 AHA guidelines stated that "prophylactic antiepileptic therapy… may be considered for 1 month and then tapered and discontinued if no seizure activity occurs during treatment, although data supporting this therapy are lacking." In 2007, the recommendations suggested a brief period of antiepileptic therapy soon after sICH onset may reduce the risk of early seizures, particularly in patients with lobar hemorrhage. The 2010 guidelines continued to reflect the lack of data to support the early use of antiseizure medications in providing a long-term benefit to sICH patients. 13, 36 To date, the only class I evidence available is in support of antiseizure medications for the treatment of seizures in patients with sICH. Overall, there has been no benefit of seizure prophylaxis on neurological outcome and mortality, and studies have failed to show that seizure prophylaxis is associated with the prevention of epilepsy. However, to date, all analyses are limited by potential confounding by indication, and no large, randomized, prospective trial is available to drive decision making in sICH. See Table for a summary of the most recent guideline recommendations.
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Use of Prophylactic Antiseizure Medications
Despite the AHA guidelines recommending against prophylaxis, use of antiseizure medications in sICH patients varies between institutions and practitioners. See Table I in the online-only Data Supplement, where variable use of antiseizure regimens was reported across the literature. Such practices are likely extrapolated from other patient populations for whom seizure prophylaxis reduces early seizures (mainly TBI) but does not prevent late seizures or the development of epilepsy. 36, [55] [56] [57] In a recent survey of stroke directors and members of the Neurocritical Care Society (n=1000), which had a 20% response rate, only 33% of respondents reported that they ever use prophylactic antiseizure medications for sICH patients. 55 Neurologists, when compared with intensivists or neurosurgeons, were significantly less likely to prescribe antiseizure medications, but when they did prescribe them, it was for significantly longer durations than the other prescribers. 55 Beyond seizure prophylaxis, directives on which medication, treatment duration, and whether treatment should differ for patients with one seizure, multiple seizures, convulsive status epilepticus, or patterns on the ictal-interictal continuum become even more challenging.
Antiseizure Medication Use and Outcome
In patients with TBI and SAH, there is mounting evidence that supports that cognitive outcomes and functional recovery may be adversely affected by antiseizure medications, particularly phenytoin. 58, 59 Emerging, albeit limited, data suggest that phenytoin may be associated with worse cognitive outcomes when compared with levetiracetam in sICH patients. 36, 56, 60 The recent post hoc analysis of the ERICH study (Ethnic/Racial Variations of Intracerebral Hemorrhage) showed no independent association of seizure prophylaxis (predominantly levetiracetam) with unfavorable modified Rankin scores at 3 months. 56 However, these findings need to be validated in larger, prospective cohorts. Valproic acid, despite having a benign neuropsychological side effect profile, has been associated with a trend toward increased mortality after TBI, 61 but analogous studies have not been conducted after sICH.
Thus, the effects of antiseizure medications may be drug specific or even population specific, which could account for the inconsistent associations of their exposure and outcomes. Although many antiseizure medications, such as phenytoin, act to decrease neuronal excitability, they may also inhibit recovery after acute brain injury, leading to impaired cognition. This is not the case with levetiracetam, which seems to decrease neuronal irritability without affecting normal neuronal excitability. In addition, levetiracetam, with its cleaner and more linear pharmacokinetics and predominantly renal clearance, has fewer drug interactions, fewer allergies, and a more predictable therapeutic range, thus avoiding many of the problems encountered with phenytoin. 60 In the absence of randomized controlled trials of sICH patients demonstrating a robust benefit from seizure prophylaxis, routine seizure prophylaxis for all patients with sICH is not recommended. However, recognizing that seizures may increase metabolic demand, hematoma volume, and midline shift and are associated with worse outcome in sICH, 8, 9 seizure prophylaxis for certain subpopulations of sICH patients may be reasonable based on known risk factors, especially if EEG monitoring is not readily available or is not closely reviewed. Patients with brain injury severe enough to explain their neurological examination (ie, proportional) are also at high risk for developing NCSz. Continuous EEG can be used as a diagnostic tool to triage the use of antiseizure medications. In cases where seizures could contribute to additional morbidity, more aggressive management may be implemented on an individual basis. If seizures are detected on cEEG, antiseizure medications aiming at seizure suppression should be initiated or escalated. The authors suggest an algorithmic approach to management based on known risk factors and the use of cEEG monitoring in sICH patients (Figure) . Frequent reassessment for the need of antiseizure medication after the acute period has passed should be guided by clinical examination and the use of EEG as outlined in Figure. In addition to the algorithm, the authors have provided a table with dosing recommendations (largely based on opinion and preference rather than reliable data) for both prophylaxis and treatment (Table II in the online-only Data Supplement). The threshold for prophylaxis should perhaps be lower when cEEG Sample algorithm for seizure prophylaxis, treatment, and EEG monitoring after sICH. Risk stratification using clinical, radiographic, and encephalographic parameters is key to identifying patients who may benefit from pharmacological prophylaxis and treatment. Antiseizure medications are recommended when the EEG shows periodic or rhythmic patterns or electrographic seizures. Repeated clinical and EEG assessments may be useful in guiding therapy. EEG indicates electroencephalography; LOC, level of consciousness; LRDA, lateralized rhythmic delta activity; PDs, periodic discharges; sICH, spontaneous atraumatic intracerebral hemorrhage; and SW, spike wave. *In the presence of coma, continuous monitoring is recommended for 48 hours because there is a high likelihood for detecting seizures after the initial 24 hours of monitoring. **If continuous EEG monitoring is not available in patients with high-risk features, it is reasonable to start empirical antiseizure medication and maintain during the acute phase of the brain injury.
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Seizures and Outcome
Both seizures and the use of antiseizure medications have been suggested to worsen outcome after sICH. A few studies have explored the relationship between early antiseizure medication use and outcome, albeit with mixed results. 13, 36, 56 Only one of these studies applied EEG monitoring and accounted for NCSzs, 36 which are the majority of seizures after sICH. Two Intensive Care Unit-based series published in 2003 and 2007 of sICH patients who underwent cEEG showed an independent association between electrographic seizures and poor outcome. 8, 9 Seizures (most of which were nonconvulsive) were not only independently associated with early sICH expansion 8 but also progressive midline shift 9 and an associated trend toward worse functional outcomes. 9 However, based on these limited data implicating causality, it remains uncertain in sICH whether seizures are simply a proxy for the extent of brain injury or independently cause additional harm. Although there is extensive circumstantial and theoretical evidence that seizures are harmful for the acutely injured brain, no prospective randomized trial has been performed to see whether treatment can improve neurological outcome or any other long-term outcome measure.
Additionally, studies have failed to convincingly show that seizures are associated with mortality in sICH. 18, 35 A post hoc analysis of the FUTURE cohort (Follow-Up of Transient Ischemic Attack and Stroke Patients and Unelucidated Risk Factor Evaluation study) demonstrated that functional outcomes were adversely affected by poststroke epilepsy in the ischemic stroke subset, but not in the sICH subpopulation. 62 In addition, poststroke epilepsy has been associated with mortality in young adults (18-50 years of age) with acute ischemic stroke 63 but remains an open question in sICH. There is an ongoing multicenter registry (ODYSSEY) that was designed to determine long-term prognosis after acute stroke, including sICH, in patients aged 18 to 49, and hopefully will clarify the association between poststroke epilepsy and outcomes, including cognitive impairment. 64 Further studies investigating the impact of late seizures or epilepsy after sICH on functional outcome, neurocognitive recovery, quality of life, and psychiatric sequelae (ie, depression, anxiety, post-traumatic stress disorder) are needed to answer many of the remaining questions.
Beyond Seizures: EEG Patterns of Undetermined Significance
In addition to seizures, because more critically ill sICH patients undergo EEG monitoring, periodic and rhythmic EEG patterns will be detected, because such patterns are seen in almost half of critically ill patients undergoing cEEG. 65 Although clearly associated with an increased risk of seizures, it remains unclear whether such patterns may themselves be as harmful as seizures and warrant aggressive treatment beyond seizure prophylaxis. Some studies using cEEG report on such patterns and their association with seizures in sICH. In one study, periodic epileptiform discharges were recorded in 17% of patients (periodic lateralized epileptiform discharges 13%, generalized periodic epileptiform discharges 6%, and bilaterally independent periodic lateralized epileptiform discharges 1%) and were associated with electrographic seizures (59% versus 9%). 8 Among other EEG findings, periodic lateralized epileptiform discharges (now known as LPDs) and focal stimulus-induced rhythmic, periodic, or ictal discharges have been found to be independently associated with poor outcome. 9 However, the temporal relationship between seizures and EEG patterns is not clear in the current literature. Thus, on the one hand, it is not known whether such patterns are in fact as harmful as seizures and on the other hand, if such patterns, when left untreated, will invariably precipitate the emergence of more definite seizures. Regardless, the implication is that there may be a window of intervention that could ultimately impact outcome. The fact that rhythmic or periodic patterns are highly associated with seizures and may in fact be ictal or harmful becomes relevant in light of a recent publication in SAH patients that suggested having even one seizure is associated with worse functional outcomes at 3 months from injury. 66 A recent study, which included patients with both electrographic status epilepticus and EEG patterns that do not qualify as electrographic status epilepticus, reported that fluorodeoxyglucose (FDG)-positron emission tomography (PET) hypermetabolism was common across the cohort of patients with varying neurological diagnoses including sICH. 66 Future studies aimed at elucidating clinically relevant and useful biomarkers to discern which EEG patterns are harmful, independent of disease severity, will hopefully help to answer questions about these uncertain EEG patterns.
Future Directions
Our knowledge of seizures as a clinical feature of sICH is mostly based on retrospective cohort studies. Thus, our understanding of prevalence, frequency, temporal distribution, and characteristics of seizures, as well as factors predisposing to seizures and their prognostic significance for short-term mortality and long-term risk of epilepsy, is limited. Additionally, early seizures likely have different predisposing factors than delayed post-ICH seizures (ie, epilepsy). Many predisposing factors may coalesce to synergistically cause seizures. The single, randomized, double-blinded, placebo-controlled trial of antiseizure medications for seizure prevention in sICH was limited by a small sample size (n=72), treatment bias, and the use of clinically reported events without the use of cEEG. 30 Currently, there is insufficient evidence to support the routine use of antiseizure medications for the prevention of seizures after sICH, and this is consistent with published guidelines. 53, 67 Although the SPICH study (Seizure Prophylaxis Following Intracerebral Hemorrhage), which is currently underway, may show promise clarifying whether short-term sodium valproate has an effect on seizure incidence as well as survival and neurological outcome in sICH, the very low dose (500 mg PO daily or 400 mg IV daily), relatively small sample size, and singlecenter design may leave many questions unanswered. 68 Studies assessing the efficacy and tolerability, optimal timing, duration, and the weaning process of antiseizure medications across the spectrum of sICH-related seizures are needed. Such studies will need to recruit large numbers of patients and consider clinically meaningful outcomes. Ideally, future studies should be double blind, compare multiple antiseizure medications and different dosing to placebo, use cEEG and include long-term follow-up aimed at addressing the development of epilepsy, seizure-free periods, medication compliance, and functional and cognitive outcomes.
Although there have been several recent acute sICH trials-ATACH, ERICH, MISTIE, CLEAR-IVH, STICH, INTERACT, and iDEF-all addressing secondary injury, there are no current interventional studies assessing seizures, antiseizure medication-prescribing patterns, or epilepsy and related outcomes. There are data to suggest that seizures are harmful: they increase edema, metabolic rate, and midline shift and are independently associated with worse outcome. Thus, only a prospective randomized clinical trial, perhaps building on the infrastructure of either ongoing or future sICH trials, will be able to more definitively answer whether seizure prophylaxis in the acute or longer term settings is beneficial or not. A large prospective randomized trial of seizure prophylaxis, which attacks these questions is urgently needed.
Currently, there is insufficient evidence to support the routine.use of antiepileptic drugs (AEDs) for the primary or secondary.
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